but in appraising them one has to remember that the population examined was one in which cases had been occurring yearly. It is therefore not at all improbable that some of his carriers revealed at the meningitis-free period had been chronic carriers for some months, while others had been infected by ajich carriers. As-a matter of fact, Mayer adithits that four out df thirty-five persons who were carriers during the meningitis season proved to be still harbouring the meningococcus at the meningitis-free period. The way in which one carrier gets surrounded by a zone of carriers has been very clearly demonstrated by Selter, whose observations are to be found in the book on the carrier problem.
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The presence of such carriers at an epidemic-free period is indeed necessary to explain the peculiar manner in which cerebrospinal meningitis springs up in areas between which and previously infected areas no apparent connexion can be traced. The chronic carrier, with probably a zone of carriers round him, acts as the bridge between one epidemic and the next. A generalisation, therefore, like that propounded by Mayer is entirely unjustified at the present time, and is calculated to give a false sense of security to the general and medical public. ONE of the most out-standing features of epidemics of cerebrospinal meningitis is the isolation or want of ascertained contact between the cases of the disease. This has been dwelt on and emphasised by previous speakers. The majority of houses attacked afford only one case, but the proportion varies in different epidemics.
In the Texas epidemaic (1912) reported by Steiner [10] , out of 2,135 cases 313 (14'7 per cent.) occurred in houses with more than one case, and of 1,975 houses attacked 135 (6&9 per cent.) had more than one case. It is, however, a feature of such multiple house attacks that the cases have often occurred simultaneously in the same house, as in the striking occurrences reported by Robb [9] at Belfast, when five cases occurred almost simultaneously in one house on two separate occasions at the outbreak of the epidemic. Where an interval elapses between multiple cases occurring in a single house it is often considerably longer than the time which has been regarded as the incubation period by several writers-i.e., one to five days. Bolduan and Goodwin [3] , in their report on the New York epidemic (1905) , record thirty-fQur instances in which the interval between two cases in one house was observed: in fourteen instances it was one to seven days; in five instances it was one to two weeks; and in twenty-five instances it was two weeks to three months. It is almost universally accepted that doctors and hospital nurses seldom contract the disease. These and sitnilar facts which have been observed in miiany epidemics are evidence against the spread of the disease being. usually due to direct infection from one patient to another. In fact, the direct communicability of the disease has been called in question by some epidemiiiologists.
EPIDEMIOLOGICAL HYPOTHE SES.
To explain the disconnected occurrence of cases two explanations suggest themselves:
(1) The hypothesis that the infective material is distributed widely outside the human body and remains active sufficiently long to be conveyed long distances by external agencies. This assumption is contradicted by the known sensitiveness of the meningococcus to ordinary air temperatures and to drying, especially soon after its separation from the human body.
(2) The transport of the causal organism inside the body of human beings, who are either healthy or suffering from a mild unrecognised form of the disease, and its subsequent communication by them to other susceptible persons. Such human intermediaries have occasionally been traced by clinical observers, as in the instance quoted by Steiner and Ingraham [11] in their report on the epidemic at Hartford (Connecticut), 1904-05. A hospital attendant in charge of a case of meningitis went home, and four days later his child sickened with the disease. Other such instances have been reported by Bolduan and Goodwin [3] .
Cars iers.
The assumption of intermediate human carriers is amply justified by the discovery that meningococci are often present in the nose or throat of persons who have been associated with cases of meningitis, but are themselves free from meningitic. symptoms. These observations have been made by many bacteriologists in different countriese.g., v. Lingelsheim [8] (1908) examined 264 contacts of cases and found 9'5 per cent. to be carriers; Bruns and Hohn [4] (1907) examined 609 close contacts and found 36x7 per cent. carriers; Black [2] (1912) examined 801 close contacts and found 28 3 per cent. carriers.
Carriers may or may not show obvious inflammation of the nasal or pharyngeal mucous membrane, and the proportion of those with an unhealthy nasopharynx has been variously estimated by different writers.
The duration of the carrier-state is variable, but apparently most carriers no longer harbour the meningococcus after three weeks, though some may continue to yield cultures for months. Trautmann records observations on carriers who renmained infective for at least sixty-six days. A second examination after an interval of one week often gives a negative result and further examinations are equally unproductive. Of thirty carriers whom I recently observed twenty-six gave a positive result on one occasion only, though all were re-examined three times during an isolation of three weeks to a rnonth. One gave a negative followed by two positives; one a second positive result and then two negatives; and two gave a negative on second examination, then a positive followed by another negative result. Of the contacts examined by all observers, adults have more frequently been found to be carriers than children (vide Bruns and Hohn [4] , &c.). These persons, then, who are carrying the meningococcus in their nasopharynx can transport it for long distances and infect others who are far from any case of meningitis.
The readiness with which bacteria are given out in coughing and sneezing, and even speaking, and can in this way be transferred from the nose or throat of one individual to another are matters of common knowledge. Grosser forms of infection by kissing, or eating and drinking from utensils used without washing, give other obvious chances for uransference of the meningococcus to the mouth and throat of other persons from carriers.
Portal of Enztry.
Further evidence that the disease is acquired in this way is afforded by the observation that the meningococcus is present in thc nasopharynx of cases of meningitis in the early stages of the disease. It has been found by many observers and with much greater frequency during the first few days after the onset of the disease than at later stages. Goodwin examined the nasopharynx of fifty-two cases of meningitis and isolated the meningococcus from twelve out of twentytwo examined in first week, five out of fifteen examined in second week, none out of fifteen examined in third to ninth week, and one case on sixty-seventh day of disease, showing 'that the meningococeus may persist a long time.
Among convalescents recently under my observation one man yielded a culture on the thirty-fifth day from onset. v. Lingelsheim [8] examined the nasopharynx of forty-nine patients in the first two or three days of the disease and found that 93 per cent. gave positive results.
These observations complete the cycle of the meningococcus in passing from the nasopharynx of a carrier in the neighbourhood of one case of meningitis to the nasopharynx of a second case of meningitis and leave little doubt as to the method by which the disease is spread.
The detection of meningococci in the blood of patients affords an intelligible explanation of the route from the nasopharynx to the meninges. Elser made positive cultures from the blood of ten cases out of forty-one examined. It is probable that all those about to develop meningitis are carriers during the incubation stage, and in this way may be explained some of those instances recorded by Steiner [11] , Bolduan [3] , &c., in which two children of different families after playing together developed the disease within a few days, either simultaneously or at a short interval.
Bacteriology of Carriers.
As is now well known, the region of the posterior nares and the upper part of the pharynx is the chief site in the air passages of meningococcus infection. This region is best reached with a small swab on a bent wire introduced through the mouth. In the case of adults difficulty has seldom been experienced in obtaining a swabbing without contamination from the tongue or tonsils or uvula. A broad spatula and a forehead-light are usually required. The best method of inoculating culture plates was found to be the following: Two plates of serum agar were used. Only the extremity or last 4 in. of the swab was rubbed on the culture medium at one edge of the first plate and a glass rod was used for distributing the material over the first and second plates, the rod being used in such a manner as to progressively diminish the amount of seeding on the plates. After incuba-tion at 360 or 370 C. for twenty-four hours sufficient growth had usually taken place; occasionally plates were incubated for another twentyfour hours, but very seldom was any advantage gained. The cultures made in this way showed growth of very few organisms except pneumococcus, streptococcus, Bacillus ifinuenzw (or bacilli resembling this organism), and Gram-negative cocci. Films made from a loop drawn across the first and second plates and stained by Gram's method showed whether Gram-negative cocci were present in any considerable numbers. Individual colonies of different types were then examined by stained filnAs. The colonies of meningococcus or similar organisms could with a little practice be usually recognised, especially with the assistance of a low power microscope. Colonies of Micrococcus catarrhalis could usually be excluded by their cohesiveness and peculiar consistency when touched with a wire.
The micro-organisms which gave most trouble by reason of their resemblance to meningococci were Gram-negative cocci of the chromogenic group, which form more or less yellow pigment. As pointed out by Elser and Huntoon, if glucose is added to the agar the yellow colour of the growth is often more obvious. Colonies of Gram-negative cocci were picked off to serum agar and after incubation were subcultured the next day to: (1) serum agar and placed at room temperature (an incubator at 20°C. is better); (2) litmus serum glucose peptone water;
(3) litmus serum cane-sugar peptone water. (The litmus must be only just neutral-i.e., not too alkaline.) The tubes containing sugars were incubated at 370 C. After forty-eight hours those strains were excluded which (1) grew at room temperature; (2) formed no acid on glucose but showed growth: or (3) formed acid from both glucose and cane-sugar.
A fallacy to be avoided is the inclusion of streptococci in the culture. This is a very easy error to fall into on account of the small size of the streptococcUs colonies. If no growth took place at room temperature and acid was formed from glucose, but not from ;cane-4ugar, and, moreover, no yellow pigment was seen in the serum agar cultures, the strain was considered one of meningococcus. It is obvious that at least five days must elapse before a positive result can be reported [5] , myself [1] and others, sera made from one or few strains while agglutinating highly some strains are inert towards other races of meningococcus. Probably agglutination with serum diluted more than 1 in 200 is of little value as a means of diagnosing the meningococcus, and controls with salt solution and normal serum are always necessary.
Widespread anzd Disconnected Cases of the Disease.
Referring again to the epidemiology of the disease, it has often been remarked that not only has no direct contact between cases occurred but that the cases are so isolated and widely distributed that no connexion by means of a single intermediary can be considered possible. This suggests that the infective agent after being harboured by contacts of a case is passed on to other carriers in series, one or other of whom infects a susceptible person, who then develops the disease.
The widespread character of the disease during an epidemic requires for its explanation a wide distribution of carriers. This widespread distribution of carriers has been demonstrated in many epidemics, especially in the later stages. During a recent epidemic in a body of some 30,000 soldiers forty cases of meningitis occurred in about four months. These forty cases occurred in eighteen different battalions and no two cases occurred in the same hut or tent.
In some instances in the course of epidemics the chain of intermediaries may be detected, as in the history recorded by Steiner, in which the mother of two children attended the funeral of a child dead of meningitis, and in that way must have come in contact with the relatives of the dead child. She then came home and infected her own two children, who became ill four days later, having in the meantime, in another !street, whllst themselves well, infected two other children with whom they played. Steiner and others relate similar instances in which children were apparently carriers of infection before they became ill. A series of instances recorded by Jehle [6] suggests another line of infection by carriers. In this epidemic children were attacked in houses which were not connected except by the fact that the fatheis worked in the same coal-pit and the same part of the pit. Jehle suggests that the damp moist air of the mine facilitated the passage of the meningococcus from one miner to another..
Widespread Distribution of Carriers.
In the outbreak mentioned above, amongst 30,000 soldiers, with which I was recently concerned, four cases of meningitis had' occurred scattered through a certain battalion. The greater part of this battalion was examined for carriers. Among 887 men who were swabbed thirtythree carriers (3 7 per cent.) were found. They were widely scattered throughout the battalion. Much larger numbers of carriers have been found in certain other epidemics. In that recorded by Bruns and Hohn (1908) they not only found 36 7 per cent. carriers among close contacts of the cases, but also among 1,786 less intimate contacts they found 22'5 per cent. of carriers, and among 380 non-contacts 7T9 per cent. of carriers. The widespread character of epidemics postulates a widely spread distribution of carriers, and this is established by the above and other similar observations. The number of carriers detected has been shown in different epidemics to be twice, ten times or even forty'times the number of cases of meningitis. The short time during which most carriers retain the meningococcus, and the large number of carriers which can be found at any time, emphasise the ease and rapidity with which the organisms must pass from one person to another.
Utility of Search for Carriers.
Seeing that carriers are often so widespread during the height and later stages of an epidemic it is perhaps not always of much practical utility to search for carriers at these stages. The chief conditions which make such an investigation especially desirable are: (1) means of efficiently isolating such' carriers as are detected; (2) the existence of an early localised epidemic. At the same time, where means are available, the isolation of every carrier who can be discovered would probably be a gain, and the circumstances of each epidemic require special consideration. Seasonal Prevalence. The cause of the rise of an epidemic is not explained by the discovery of carriers, though epidemics may be transported from place to place by their means. The seasonal prevalence of cerebrospinal meningitis may perhaps be correlated with the prevalence of nasopharyngeal affections. This corresponds in this climate with winter and in some other countries with the season of excessive dust, whichi has been regarded by some observers as the cause of epidemics of meningitis in parts of India, and at any rate as a contributing cause, in other hot countries. The large number and widespread distribution of carriers and the small number of cases of meningitis compared to the population forces upon one the view that for a true understanding of an epidemic of meningitis the total number of persons who harbour the meningococcus should be looked upon as constituting the true epidemic. Some of these persons are not ill in the ordinary sense of the word though they are attacked by the meningococcus, and successfully attacked in different degrees, firstly according to the amount of change produced in the nasal and pharyngeal mucous membrane; this may be considered the first stage of the disease; secondly, according to whether the meningococcus succeeds in infecting-the blood, meninges, joints, &c. From this point of view-the epidemiological one-the carriers constitute the mass of the epidemic, and those who subsequently develop meningitis are only a small accidental minority. The cases of meningitis, on account of the severity and fatality of this complication, give to the epidemic its importance, and they necessarily bulk largely in the eyes of the clinician.
Whether the fewness of the cases of meningitis is due to a resistance on the part of most of the carriers, either local, i.e., in the mucous membrane, or general, in the blood or meninges; or is due to changes in the virulence of the meningococcus, there is, I believe, no definite *evidence on which to come to a decision. However this may be, a ,consideration of all the evidence about carriers leads to the conclusion that the statement that cases of meningitis occur when and where carriers of the meningococcus become numerous is a more correct way of stating the facts than by saying that many carriers occur in the neighbourhood of cases of meningitis.
